We have studied the vector meson spectral function (VMSF) in a hot and dense medium within an effective QCD model namely the Nambu-Jona-Lasinio (NJL) and its Polyakov Loop extended version (PNJL) with and without the effect of isoscalar vector interaction (IVI). The effect of the IVI has been taken into account using the ring approximation. We obtained the dilepton production rate (DPR) using the VMSF and observed that at moderate temperature it is enhanced in the PNJL model as compared to the NJL and Born rate due to the suppression of color degrees of freedom.
Introduction
Under extreme conditions, i.e., at high temperature and/or high density Quantum Chromodynamics (QCD) exhibits a very rich and interesting phase structure. It is believed that at these extreme conditions normal hadronic matter transforms into a deconfined state of strongly correlated quark gluon plasma (QGP) [1, 2] . A lot of efforts have been put to create and explore this noble state of matter in laboratory through experiments of heavy ion collisions such as Relativistic Heavy Ion Collider (RHIC) at Brookhaven National Lab (BNL) [3, 4] and the Large Hadron Collider (LHC) at the European Organization for Nuclear Research (CERN) [5, 6] . There is also an upcoming fixed target experiment named as Facility for Antiproton and Ion Research (FAIR) at the Gesellschaft für Schwerionenforschung (GSI) [7] . Various measurements at RHIC BNL [8] and LHC CERN [9] have indicated a strong hint of the creation of a strongly correlated QGP [10] .
Many properties of the deconfined, strongly interacting matter are reflected in the structure of the correlation function (CF) and its spectral representation [11] . The temporal part of the CF reflects response of the conserved density fluctuations whereas the spatial part reveals the information on the masses and width. We can construct mesonic current-current CF's from meson currents and they can be of different types such as scalar, pseudoscalar, vector and pseudovector [12] . The spectral representation of vector meson current-current CF is related to the differential lepton pair production rate [13] . These leptons, being weakly interacting, carry informations about the earlier stage of the produced QGP. Keeping this in mind we construct the vector meson spectral function (VMSF) and obtain the dilepton production rate (DPR) from it. Now there are many theoretical tools which can be used to study these CF's and their spectral representations -as for example first principle calculation like Lattice QCD (LQCD) [14] , perturbative calculation known as perturbative QCD (PQCD) [15] [16] [17] and effective QCD models [18, 19] . These theoretical tools have their own merits and demerits. This present work is based on the effective QCD model namely the Nambu-Jona-Lasinio (NJL) and its Polyakov Loop extended version (PNJL). We have studied these models with and without the effects of isoscalar vector interaction (IVI). The effect of IVI has been taken into account through ring approximation. In Sec. 2 we write down the equation to calculate the differential dilepton rate from VMSF. The results are discussed in Sec. 3 and in Sec. 4 we conclude.
Theoretical Framework
The differential DPR is related to the VMSF , σ V , as [20] 
where α is the fine structure constant, Q ≡ (q 0 = ω, q) is the external four momentum and M = ω 2 − q 2 is the invariant mass of the lepton pair.
Results
Here we briefly discuss our findings. The details can be found in Ref. [21] . In Fig.  1 the scaled spectral functions (SF) without the IVI are shown. At T = 200 MeV we observe that the PNJL SF has a larger threshold than the NJL one because of the larger quark mass. This effective quark mass decreases as we increase the temperature and that is why at T = 300 MeV the thresholds for NJL and PNJL are almost the same. We also observe that for the PNJL case the SF has been enhanced. This can be understood with the following argument. For zero external momentum (q) and zero chemical potential (µ) the SF is proportional to
is the fermion distribution function. Now the presence of the Polyakov Loop (PL) fields suppress the color degrees of freedom, or in other words suppress f (E p ) and thus enhances the SF. Once we have the SF, the dilepton rate can be calculated from it using Eq. 1. The differential dilepton rates are shown in Fig. 2 . We notice that the dilepton rate for PNJL model is increased as compared to the NJL and Born rate. We have further compared our findings with the available quenched LQCD results [14] . The SF's with the inclusion of IVI are shown in Fig. 3 . It is clear that in the presence of IVI, bound states start to form. The spectral strength increases as we increase the strength of the IVI 1 and for a given G V the spectral strength for the PNJL is greater than NJL, which is again attributed to the presence of PL fields.
In Fig. 4 the differential dilepton rates are shown for both NJL and PNJL models. The dilepton rates increase as the strength of the IVI increases which was expected if we look back at the corresponding plots of spectral function in Fig. 3 . 
Summary
We have investigated the behavior of the VMSF and its spectral representation in a hot and dense medium. The differential dilepton rate has been calculated from the SF for both with and without the IVI. We observed that without the IVI the SF's in NJL become quantitatively equal to those of free field theory. For PNJL they are enhanced as compared to both the NJL and the free field theory. This enhancement is reflected in the corresponding plots of dilepton rates. Suppression of the color degrees of freedom due to the presence of PL fields is the reason behind this enhancement. This suggests that some nontrivial correlation exists among the color charges in the deconfined phase. Thus it is expected that the dilepton rate in a strongly coupled QGP is more than that in a weakly coupled one. We have compared some of our results with the available quenched LQCD data and the other results can be tested in future when LQCD includes the dynamical fermions.
